The mammalian Y chromosome may be an attractor for selfish growth factors. A suppressor of the selfish growth effects would be expected to spread were it to have an appropriate parent-specific expression rule. A suppressor could act by boosting the resource demands of competing female embryos. This possibility may explain incidences of the escape from X-inactivation and provides a rationale for why these genes typically have Y-linked homologues. Alternatively, a suppressor could act to decrease the resource demands of males with the selfish Y. This possibility is supported by the finding that the size of male, but not female, human infants is negatively correlated to the number of X chromosomes. A protracted arms race between a selfish gene and its suppressor may ensue. Both the variation in copy number of Zfyand the unusually fast sequence evolution of Siy may be explained by such an arms race. As required by the model, human S#y is known to have an X-linked suppressor. Preliminary evidence suggests that, as predicted, rapid sequence evolution of Sry may be correlated with female promiscuity. The case for fast sequence evolution as the product of maternal/foetal conflict is strengthened by consideration of the rapid evolution of placental lactogens in both ruminants and rodents.
Introduction
In the previous paper (Hurst, 1994, this issue) I proposed that the Y chromosome of mammals may be expected to harbour selfish growth factors. The spread of a selfish neo-imprinted gene on the Y (as with many other selfish genes) is expected to provide the conditions required for the spread of a suppressor of the gene. The sex ratio effect associated with selfish Y-linked genes and the skewed resource allocation will both contribute to selection favouring the spread of a suppressor. For a suppressor to spread it must have an appropriate genomic location (unlinked) and expression pattern. A suppressor on the selfish Y, for instance, could not invade. In this paper I consider two forms of suppressive response to a selfish Y. First, a gene may act to boost female growth demands. Second, a gene may inhibit male demands. I shall argue that the 233 former possibility may explain escape from X-inactivation whilst the latter may explain copy number variation of Zfy and rapid evolution of Sry.
Selfish V-linked growth promoters may create the conditions for females to boost their resource demands: an alternative rationale for those genes that escape Xinactivation One means to control the excess resource allocation to males would be for X-linked genes to act in female foetuses so as to match the resource demands of their XY sibs (or half sibs). If the demands are equal, then the resource allocation should also be equalized.
Imagine that the start condition was one in which in a male the X-linked gene was expressed but Y-linked ones were shut down (or not present). In females, one X would be inactive (in somatic cells of female eutherian mammals one X is inactive). The growth demands of the male and female foetuses would be the same. Now imagine that the Y-linked sequence mutates (or a copy of the X-linked gene is newly transferred onto the Y) so as to be able to exercise some growth effect. Both the X and the Y sequence would hence be acting as growth factors. This Y-linked mutant gene should now spread as a selfish gene, possibly to the point where all Ys were selfish. A mutant X-linked gene, homologous to the selfish Y gene that escaped inactivation, when in a female would be an efficient counter to the selfish effects of the Y. This would allow females to express two doses of this growth factor and so match the resource demands of the males. Suppression of a selfish Y may hence explain the avoidance of X-inactivation of genes with Y-linked homologues.
In humans a few genes avoid X-inactivation and hence are expressed in two doses. Most of the genes that avoid inactivation have a Y-linked homologue. The human X-linked genes known to have Y-linked homologous sequences and that probably avoid inactivation presently number at least nine: AMGX, KALIGJ, GSJ, ANT3, XG, MIC2, STSX, RPS4X, ZFX (Goodfellow & Tippett, 1981; Migeon et at., 1982; Goodfellow et al., 1984; Schneider-Gädicke et at., 1989; Fisher et at., 1990; ; Slim et at., 1993; Schiebel et at., 1993 ; reviewed in Ballabio & Willard, 1992) (Fig. 1 ). Classical theories of this avoidance of X-inactivation suppose that these genes need to be expressed in high doses in a relatively short time span: one X-linked copy in both males and females cannot supply adequate titres of the required gene products. This theory has one major weakness, namely, it does not necessarily predict the evolution of the avoidance of X-inactivation. Duplication of the X-linked gene sequence would be an alternative route to high dosage (and would avoid, in the long term, all the problems of having active genes on the Y). Surely, this duplication would be the easier route to take? In contrast to the classical theory in which the Y-linkage of the X homologue is not necessary (and the same net result could equally well be achieved by the maintenance of X-inactivation and duplication of the X-linked sequence), the conflict-based view envisages the Y-linkage of the gene as being integral to the evolutionary process.
Both classical and conflict-based theories make similar sets of predictions and face similar problems. Both theories predict that the X-linked sequences that avoid inactivation should have Y-linked homologues.
This appears generally to be the case (SchneiderGadicke et at., 1989; Fisher et aL, 1990 and above references) (Fig. 1 ). There is, however, a number of contradictory facts (problematic to both hypotheses).
UBE1X escapes inactivation on the human X but
Ubelyl sequences have yet to be found on the human Y (see Disteche et at., 1992 for references). Human STSY is inactive (Migeon et at., 1982) while the X-linked gene partially avoids inactivation (Migeon et at., 1982) . In contrast, murine Stsy is active but in this instance the X-linked Stsx (murine Sts is in fact pseudoautosomal) does not escape X-inactivation (Jones et at., 1989; but see Keitges & Gartler, 1986) . Human KALIG1's Y-linked sequence is a pseudogene.
The conflict-based theory predicts that the homologous X and Y sequences should be foetally expressed growth factors. However, if embryonic growth is rapid and hence requires high levels of gene expression in short time frames, classical theory could make the same prediction. Available evidence supports the view that at least some of the X-inactivation escapees are growth-related factors. Human XO foetuses are typically growth-retarded but murine XO foetuses are not. That three human escapees (RPS4X, ZFX, UBE1X) are inactivated in mice leads to the suggestion that the removal of these genes is responsible for the severe growth retardation of human XO offspring (Ashworth et at., 1991) . Ogata & Matsuo (1993) review the data on disruption (including deletion) of the noninactivated genes and conclude that the data are consistent with at least some of these genes acting as growth factors as the above offspring are, as predicted, growth-retarded. No effect on human adult height of genes in Xq could be detected (Ogata & Matsuo, 1993) . Only one gene (RSP4X) avoiding Xinactivation is found on Xq. Fisher et at. (1990) argue, from deletion analysis, that RSP4Y could be a good candidate for many of the effects associated with Turner's syndrome. Indirect suggestive evidence that the genes may be growth factors can also be found as several of the genes (or their homologues) have been implicated in slow development if under-expressed, or are associated with carcinoma if over-expressed. STS deficiency, for instance, is associated with late parturition in humans (Fraser et at., 1987) and, like GS] , is known to be expressed in placental tissues as might be expected of genes involved in maternal/foetal transplacental interactions. Over-expression of the MIC2 product (E2) is associated with Ewing's sarcoma (Fellinger et at., 1992) , while ZFY expression is observed in human prostate adenocarcinoma (Tricoli & Bracken, 1993) . Expression of Amg is observed in human ameloblastoma tumours (Snead et at., 1992 Fig. 1 Maps of mouse and human sex chromosomes including X-inactivation status. On one side of each chromosome map positions are provided, whilst on the other gene abbreviations are given. Dotted lines indicate the pseudoautosomal region. The human pseudoautosomal boundary probably runs through XG with three exons of XG being pseudoautosomal and the remaining seven X-linked. The mouse Amg locus is just next to the pseudoautosomal boundary on the nonrecombining part of the X. A single asterisk indicates the partial avoidance of X-inactivation. A double asterisk indicates full escape from X-inactivation whilst an i indicates inactivation. A question mark indicates uncertainty, typically because activity has yet to be shown directly or because there exist contradictory results. Xist is the X-inactivation initiation site and is active on the inactive X but inactive on the active X. ¶ indicates presumed pseudogene/silent gene status. If a Y-linked homologue of an X-linked gene is not indicated then such a Y-linked homologue has yet to be detected (except human GS 1 which has a Y-linked analogue but of unknown location (though it is probably in Yq 11)). Note that linkage of ANT2 is uncertain but lies somewhere between Xql 3 and Xq26. Genes included are ZFX/Y, zinc finger on the X/Y; RPS4, ribosomal protein subunit 4; UBE1, ubiquitin-activating enzyme 1; AMG, amelogenin; KALIG, Kallmann's syndrome; STS, steroid sulphatase; MIC2, antigen defined by monoclonal 12E7; ANT2/3, ADP/ATP translocase type 2/3; XG, Xg surface antigen (blood group); SRY, sex-region on theY. GS1 and DXS423 are transcripts of unknown function. Mouse Y-map after Bishop (1992) . Mouse X map after Brown eta!. (1992) . Human X map based on Davies eta!. (1991) and Ballabio & Willard (1992) . For linkage of human Y-linked genes, see relevant references in the text. For X-linked activity status see Ballabio & Willard (1992) and relevant references in the text.
probably mediated by KALIG1's involvement in the activity of luteinizing hormone-releasing hormone's secretion. As discussed below (and in Haig, 1993) , luteinzing hormone homologues are believed to be involved in maternal/foetal conflicts.
It is unclear whether all of the genes that escape X-inactivation act (or could act) as growth factors. GS1 and DXS423 (cited in Ballabio & Willard, 1992) are of unknown function (but note expression of GS1 in placental tissue: Yen et al., 1992) . The XG gene product is a cell surface antigen (though note, as above, that MIC2, whose product is also a cell surface antigen, is associated with carcinoma). Even if the products were not growth-related, a role in maternal foetal conflict could not be ruled out as such conflict can be immune-mediated (Hurst, 1993; Peters & Barker, 1993) . The possible relationship between immunemediated maternal/f oetal conflict and escape from X-inactivation is, however, unclear. One might, for instance, predict that a foetus could be selected to express only its maternally derived antigens and hence not evoke an antibody response. In contrast, however, in the case of murine severe combined anaemia and thrombocytopenia, the presence of a paternally derived gene, identical to the selfish one in the mother, is adequate to save the foetus and hence in this instance both alleles should be expressed if possible (Peters & Barker, 1993 ).
The classical model also predicts that those genes that escape X-inactivation are more often than not those involved in foetal growth (as foetal growth is often rapid). However, the time-frame/high expression argument would also predict that genes involved in short time-frame events in adulthood but not in foetuses should also avoid X-inactivation. I could find no example of a gene avoiding X-inactivation that was expressed only in mature individuals. The classical model might, however, explain this in terms of the absence of the necessary conditions.
The validity of both the classical and the conflictbased hypotheses is in some part confused by the ghost of autosomal linkage past. Could the avoidance of X-inactivation simply be a side-product of a recent history of autosomal or pseudoautosomal linkage and hence non-dosage-compensated expression? For instance, MIC2, like other human PAR genes, avoids inactivation (Smith et al., 1993) . Many of the genes that avoid inactivation, though not pseudoautosomal, are very close to the PAR boundary ( , 1993) . The Y-linkage of these genes' homologues cannot hence be accountable to the prototype (pre-eutherian) mammalian Y possessing them. Whether the XAR was ever pseudoautosomal is an unresolved issue. Were the XAR never pseudoautosomal (and hence never Y-linked) then the movement of the genes on to the Y would probably require some nonhistorical explanation. Nonindependence of X and Y-linked zinc finger genes (Hayashida et a!., 1992; Pamilo & Bianchi, 1993) demonstrates that gene transfer has occurred between X and Y independently of any chromosomal translocations. Were the XAR originally pseudoautosomal, then the location of Y homologues of the XAR genes could be explained by the spread of the new PAR such that all Ys and all Xs had the new PAR. Y-Iinkage of homologues would then be due to movement of the pseudoautosomal boundary. However, even if the XAR was originally PAR-linked it would seem necessary to present a model to account both for the conversion of the domain to a non-pseudoautosomal region and for the persistence of particular XAR genes on the Y. The loss of Y-linked genes is less of a problem than persistence as Y-linked sequences are expected to decay through a Muller's ratchet-like process. In sum, a historical argument does not solve the problem of the escape from X-inactivation.
All of the above assumes that the PAR is simply a fact of mammalian X/Y chromosomes and that avoidance of X-inactivation is a fact of PAR linkage. However, a PAR is not found in marsupials (see Ellis and Goodfellow, 1989 , for discussion). Clearly then the PAR is not necessarily required for X-Y segregation at meiosis as might be supposed. It could be conjectured that the evolution of the PAR is intimately related to the evolution of placentation (as indeed the transfer of XAR might be). This issue will be left for future work. Further, in mice, PAR genes do not avoid X-inactivation (e.g. Sts: Jones et a!., 1989; but see Keitges & Gartler, 1986; Zfx, Rps4x: Ashworth et a!., 1991 and Ubeix: Bressler et a!., 1993) . Hence, avoidance of X-inactivation need not be a simple property of a recent past as an autosomal or PAR gene.
As indicated above there is turnover of both Xinactivation status and of chromosomal location of individual genes. Why might there be turnover in the avoidance of X-inactivation and in the movement of the PAR? The classical view would propose that the variation in expression is due to variation in growth rates. The conflict-based view can suggest that turnover is expected because of a co-evolutionary arms race between suppressor and selfish gene. The variation between species lineages in the patterns of activation of X-linked sequences, in the possible movement off (e.g. Ubelyl ) and on to (eg MIC2, Zfy, Amg, Sts, Kalig) the Y, and in movement between NPAR and PAR (Sts is pseudoautosomal in mice but not in humans: Fraser et aL, 1987 ) might all be the result of conflicts of interest between X and Y. This hypothesis predicts a higher rate of movement to and from the Y and of change in X-inactivation status for growthrelated genes than for non-growth-related genes.
Suppression could give rise to an arms race: a rationale for variation in copy number of ZFY and for fast evolution of SRY Suppression may also be mediated by directly inhibiting the effect of the selfish Y. Were the mother to have a mutant gene capable of suppressing the selfish foetal Y genes, this mutant could spread. Suppression in this context may just mean nonresponse to the males' excess demands. Maternally derived genes in the foetus with male-specific expression that were capable of suppressing the selfish Y could also spread. As an X is maternally derived two-thirds of the time, assuming all else is equal, suppressors will be more likely to accumulate on an X than on an autosome (NB all is not, however, equal as there are more autosomes than Xs). Perhaps significantly then, whereas the size of human male offspring at birth negatively correlates with the number of X chromosomes (Chen et a!., 1971) , in females the same pattern does not hold (Chen et a!., 1971) . This indicates that the X chromosome in males acts to reduce foetal growth as might be expected of a chromosome that could be selected to oppose growth demands of the paternally derived chromosome set. Genes on the murine X that control growth have also been demonstrated (Thomhill & Burgoyne, 1993) .
After suppression of the Y-linked selfish gene, a mutant version of the Y gene that could escape suppression could once again spread. In turn, a new form of suppressor could spread, and so on. This arms race could be mediated by variation in dosage (cf. Hurst, 1992 ) of the growth factor or by modification of sequence (or both). Within mammalian species lineages there is much variation in copy number of Zn' consistent with a dosage-mediated arms race. In Cricetid rodents, Zfy copy number varies from one to 24 copies and variation in copy number is dade-dependent (Bianchi et at., 1992) . Myopus schisticotor has up to 15-16-fold amplification in copy number of Zfy (Lau, cited in Bianchi et at., 1992). The above figures are minimum estimates. The significance of the fact that some of the above represented species have XY females in natural populations is not understood.
The above hypothesis for variation in copy number predicts that Zfy could act as a dosage-dependent growth factor. It also predicts that if this is so, and that at equilibrium the multiple copies have no net effect on growth, then the multiple copies of Zfy should have their effect annulled by some unlinked genes. The variation in clades in Zfy copy number should then be matched by some variation in the activity of the putative suppressor.
If the arms race is mediated by modification of sequence then potentially rapid sequence divergence between independent species lineages is to be expected. Both Whitfield et at. (1993) and Tucker & Lundrigan (1993) report rapid sequence evolution of Sry, the Y-linked mammalian testis determining factor (Koopman et al., 1991 gene that is being selected will sweep through a population and all the genes linked to it will hitch-hike with it. Whitfield et at. (1993) note that fast evolving sequences are often associated with genomic conflict, such as that between host and parasite (Hughes & Nei, 1988; Hughes et at., 1990; Hughes, 1991; see also Hill & Hastie, 1987; Vacquier & Lee, 1993) . Conflicts within genomes and between genomes of organisms of the same species might also be suspected (Whitfield et at., 1993) . The above model for the fast evolution of Y-linked sequences suggests a possible conflict-based model for the rapid evolution of Sty. The model would propose that Sty does or could act as a growth promoter/sex ratio distorter. At equilibrium, this growth-promoting effect is somehow countered, at least in part, by an unlinked gene in either the foetus or mother. Note also that whereas other Y-linked genes could be countered by X-linked homologues avoiding X-inactivation, Sty is unusual in that an X-linked homologue would interfere with sex determination and hence be an invalid response to the spread of a selfish Sty. In principle any sex ratio-distorting selfish gene could be the cause of rapid evolution of 5ty. Alternative selfish genes are discussed by Burt & Trivers (in preparation) .
The arms race component of the theory predicts that this suppressor could also have a high rate of evolution. Tithe suppressor, rather than being dependent simply upon a DNA sequence (for binding of SRY for instance), has its effects by the production of a Weak circumstantial evidence can be raised to suggest that Sry might be involved in sex ratio effects (Hurst, 1994, this issue) . Circumstantial evidence can also be raised to support Sry's role as a growth factor.
Sry is expressed in prostate cancer (Tricoli et at., 1993a) and in renal cell carcinoma (Tricoli et al., 1993b) and hence its inappropriate expression is linked with growth. Significantly, Tricoli eta!. (1993b) suggest that Sry may be an activator of oncogenes.
This would be consistent with its expression in spermatids (Hendriksen eta!., 1993) were such expression a means to achieve an early zygotic growth advantage, as has been suggested for postmeiotic proto-oncogene expression (Moore & Haig, 1991 ; see also Hurst, 1994 , this issue). However, most direct manipulations of Sry indicate that it does not have an obvious growth effect. First, deletion of Sry has no effect on growth. Second, transfer of Sry from Y to X (XXSry) also has no effect on growth. Third, XYSry (hence with two copies of Sry) embryos are no larger than XY embryos. These data, however, compare surviving individuals and hence do not rule out a net advantage. If Sry has a net growth effect (including an increased probability of implantation and/or maintenance) this would thus not be revealed by the above comparisons.
The above experimental results may be compatible with a growth effect if Sry has a suppressor as the theory presumes. A suppressor of Sry on the human X has been demonstrated and has been narrowed down within distal Xp (Ogata et aL, 1992 suppressor that prevented Sty from inducing masculinity could spread as it would act to equalize the sex ratio. This assumes, however, that XY females are adequately fertile. In humans XY females are not fertile whilst in mice and lemmings they can be. An alternative (and possibly better) test of the model is to consider variation in the rate of evolution across and within clades. The model predicts that within a group there may be variation in rate as a function of the degree of female promiscuity. If most of the competition between foetuses is between those within a brood, then the theory predicts that those species with identical offspring in every brood (e.g. the armadillo) should have a much slower rate of sequence evolution of Sty than the average. Monogamous or nearly monogamous mammals would be expected to have slow sequence evolution. The fastest rates are to be expected in those groups in which a brood contains as many paternally unrelated offspring as possible. Those instances in which there is multiple paternity across broods may also be expected to show fast evolution. The relative importance of within and between brood relatedness heterogeneity is left for future study.
The available data are limited but generally consistent with this prediction. Whitfield et at. (1993) two. Gibbons and marmosets are typically monogamous while gorilla females are nearly always monopolized by a single male. These three rank 4, 5 and 7 respectively (out of a list of seven). The orang-utan ranks 3 and has a single-male mating system but possibly one with some degree of multiple mating, as indicated by their proximity to the testis weight/body size regression line (Harcourt et aL, 1981) . It is unclear whether the baboons (ranked 6) fit the above distribution. The species of baboon used is not given by Whitfield et al. and there is variation between baboon species in mating system. Most, however, live in multimale colonies and are thus assumed to have multiple paternity. Were this so it would not conform to the pattern. It would be instructive to have information on the relatedness between progeny in all the above species. It is assumed in the above analysis that KA/KS controls for time-dependent effects.
An ideal comparative test of the hypothesis would be to follow Siy through time and see if bursts in selective substitutions (preferably controlling for amino acid similarity) are associated with a decreased probability that any two progeny are paternally related. This would, for instance, appear to be the case at the human/gorilla/chimp trifurcation. These three species separated almost synchronously a little under 10 million years ago. The pigmy chimp separated from the chimp lineage around one million years ago. Gorilla and human Sry are not very different, but chimp/pigmy chimp Sry areboth different from the human sequence. The most parsimonious explanation of this would be a burst of substitutions in the chimp/pigmy chimp lineage. As noted above, both of these species are considerably more polygamous than either humans or gorillas.
Were a growth/sex ratio effect the cause of rapid sequence evolution, then the above theory would also predict that the rate of evolution of Sry could be faster in groups in which the offspring has greater potential to manipulate the mother as regards resource extraction.
There are at least two ways to predict whether the offspring could manipulate the mother. First, one can extrapolate from the physical connections between mother and foetus. Second, if Haig's theory of imprinting is correct, and if the evolution of Sry was also mediated by foetal/maternal conflict, then we can predict that those mammals with imprinting will also have fast evolving Sry.
Because of the ability of early-implanting offspring to prevent implantation of others, the intimate contact between mother and offspring and the ability to control the degree of milk extracted from a mother, a selfish Y is expected to have relatively trivial conditions for invasion on the eutherian Y. In marsupials, although there is no placental contact, the young does, however, attach to and suckle at the mothers nipple. The author is unaware of reports of an ability of fast developing zygotes to interfere with slower ones prior to nutrient allocation. If increased suckling (or any other manipulation) can force the mother to provision a foetus with more resources than the mother would prefer to allocate, then Sry might be able to exercise some selfish effect. Although no autosomal genes with imprinting have been identified in marsupials the paternal X chromosome is inactivated. Whereas in eutherians paternal X-inactivation is restricted to the extraembryonic tissues (i.e. the sites of contact between foetus and mother), in metatheria the X-inactivation is most pronounced in muscle. This suggests the possibility that a dominant mode of conflict in metatheria could be mediated by the intensity of suckling (Moore & Haig, 1991) . The human imprinting disorders Prader-Willi syndrome and Angelman syndrome involve modifications of the intensity of suckling.
Maternal deletions cause excessive suckling whereas paternal deletions cause under-suckling, as would be predicted (Moore & Haig, 1991 (Foster et a!., 1992) . Within the HMG box both marsupial genes show extensive homology to human sequence (an average of 67 per cent identity and 84 per cent similarity). No significant homology could be detected between the human and marsupial proteins outside the HMG box. Homology between the two marsupial genes reaches 84 per cent with conservative substitutions, but falls below 50 per cent outside the HMG box. Whether this is indicative of evolution as fast as in eutherians is unclear as the time from common ancestry of the two marsupials is unknown.
In monotremes the young consume milk that is secreted diffusely over the skin. This system would appear to be hard to manipulate and hence it is predicted that monotremes should have slow sequence evolution of Siy (NB this assumes that promoting the rate of early development is also not a means to gain advantage in monotremes). To the best of the author's knowledge there is no evidence of imprinting in monotremes. Unfortunately, there are only two extant monotreme genera (the duck-billed platypus and the echidna) and hence a significant statistic will be difficult to obtain.
Bird embryos, whilst in the egg, have no opportunity to manipulate their mother as they are simply provisioned with a fixed amount of yolk. Hence the avian sex-determining locus (presumably W-chromo-some linked) need not be fast evolving. Unfortunately the avian sex-determining locus has yet to be identified although a conserved W-linked gene has been identified (Halverson & Dvorak, 1993) . Sry-like sequences are known in birds but these are not sex-linked. The above theory would predict that these sequences would not be fast evolving. Were they rapidly evolving then this fast evolution would be a property of Sry independent of its position on the mammalian Y. These data are not yet available (R. Griffiths, pers. comm.).
Were they slow evolving this would indicate that either the Y positioning or some covarying factor (e.g. a role in sex determination) should be implicated. Sry-like genes (the SOX family) in mammals are not fast evolving (Whitfield et al., 1993) . There exist at least three other reasons why Y-linked genes might evolve rapidly. As Hamilton (1967) notes, Y-linked meiotic drive genes could spread and evolve faster than a similar gene with a male-specific effect that was on the X or an autosome. This is simply because an X spends on the average only one-third of its time in a male whereas the Y is always in a male. By the same logic, a resource acquisition gene on the Y will spread more rapidly than a selfish resource acquisition gene on the X (i.e. a gene that attempts to boost resource uptake only when it is paternally derived). Autosomal genes should have intermediate rates as a given autosomal gene spends half its time being transmitted by a male.
In a related vein, as Haldane (1947) first noted, if males act as mutation generators the above difference in the rate of evolution of X, Y and autosomes can be accentuated. This difference in mutation rate is probably because spermatogenesis (and the process leading up to it) involves more cell divisions than oogenesis (Miyata etal., 1987) . Empirical data are consistent with a higher mutation rate in males than in females, at least in mammals (Miyata et al., 1987; Shimmin et al., 1993) . It is this process that most probably accounts for the absolute high rate of synonymous substitutions in Y-linked compared to X or autosoma! sequences (see Charlesworth, 1993, for review) .
Similarly, Y-linked sequences may accumulate slightly deleterious mutations at a high rate because the Y does not recombine (except in the pseudoautosomal region) and hence Muller's ratchet and related processes are expected to act more rapidly (Charlesworth, 1991 (Charlesworth, , 1993 . The above two explanations (Muller's ratchet and males as mutation generators) are not competent to explain the dramatic nonsynonymous substitution rate of Sry. Whitfield et al. (1993) suggested that fast evolution of Sry could lead to hybrid disruption due to inappropriate sexual development. That transgenic mice with human Siy are not sex-reversed (Koopman et a!., 1991) is consistent with inappropriate expression of Sry in novel contexts. Although hybrid zone reinforcement might act to accelerate sequence evolution to some degree, fast sequence evolution of Sry prior to any reinforcement would be required for such isolation to occur. If the above model for the fast evolution of Sry is correct, and if Whitfield et a!. are correct to suppose a possible role in hybrid disruption, then Siy will be a further addition to the list of postzygotic isolation genes whose divergence was due to genetic conflicts (Hurst, 1993; Pomiankowski & Hurst, 1993, for references) .
Do other genes involved in maternal-foetal conflict show rapid sequence evolution?
If co-evolution between growth factor and suppressor were the cause of the rapid sequence evolution of Siy then it should be the case that other growth factors involved in maternal/foetal relations are fast evolving. Haig (1993) argues that the products secreted by mammalian foetuses into the maternal blood system are typically to manipulate the mother into providing greater foetal provisioning. He postulates, for instance, that human chorionic gonadotropin (hCG) is involved in maternal/foetal conflicts. This involvement, he argues, is the reason for its fast evolution and divergence from its presumed ancestral protein human luteinizing hormone (hLI-I). Both hLH and hCG are dimeric glycoproteins. They share a common asubunit but possess different /3-subunits that are encoded by closely linked autosomal genes. There are six known hCGJ3 genes and at least one of them is expressed in the placenta (Bo & Boime, 1992) . The ancestral hCG/3was probably derived from hLHfi by two frame-shift mutations. The consequence of these mutations was the addition of a 24 amino acid tail to the C-terminus. Importantly, Haig notes, hCGfi and hLH/3 share only about 80 per cent amino acid identity, and their nucleotide sequences show a high proportion of nonsynonymous to synonymous changes (Talmadge et a!., 1984) . Intron sequence divergence appears to have gone on at about the same rate as the silent substitutions.
Haig also proposes that if foetal demands went unopposed, the foetus would, for instance, remove more glucose from maternal blood than was in maternal interests. He suggests that the mother's best interests are served by reducing her blood sugar to limit foetal uptake. Further, he argues that a mother and her foetus will compete after every meal for control of the blood sugar. Whereas the mother would prefer to take sugar out of the blood rapidly, the foetus would prefer that the sugar remained in circulation and hence could be taken across the placenta. This conflict between mother and foetus has resulted, Haig proposes, in an evolutionary arms race in which a trait permitting a foetus to increase its output of anti-insulin hormone (keeping blood sugar high) will spread, and in response a trait which sees the mother increase her production of insulin (reducing blood sugar levels) can also spread. The product of the arms race is a very high foetal production of an anti-insulin hormone and an equally high maternal production of insulin. The high production of these two hormones has practically no net effect on the flow of sugars into the foetus as the two effects cancel each other out.
In mechanistic terms placental lactogen (PL) and placental growth hormone (PGH) are proposed to be the foetal anti-insulin hormones. PL is the most abundant peptide hormone produced by humans and other primates. Its concentration in maternal serum increases throughout pregnancy, reaching the remarkably high titre of 5-15 ,ug mL' near term. At this stage the syncytiotrophoblast is secreting 1-3 g per day. For comparison, the plasma concentration of GH, integrated over a day, is about 0.003-0.006 g mL' in young nonpregnant adults (Daughaday, 1989) . Levels of PGH are much lower than those of PL, but follow a similar temporal pattern. At term their levels exceed 0.0 15 ,ug mL . As expected, concentrations of PL and PGH in foetal serum are much lower than concentrations in maternal serum (Frankenne et a!., 1988; Eriksson et al., 1989; Walker et al., 1991) . Haig(1993) details further evidence consistent with the involvement of placental lactogens in maternal/f oetal conflict.
If placental lactogens are the foetal means to manipulate sugar uptake then we might expect rapid evolution of these sequences. In confirmation, recently Wallis (1993) has found that placental lactogens of ruminants evolve at a 'remarkably high rate' with a K,J K5 value of 1.75. Similarly, a comparison between murine and rat placental lactogens I and II reveals KA.j K5 values of 0.42 and 0.41, respectively. While these values are not as high as those for ruminants they are nonetheless significantly greater than the average of 0.14 (n= 363) found in the mouse/rat comparison (Wolfe & Sharp, 1993) . Protein identity for PLI and PL11 across this comparison is 74.9 per cent and 77.8 per cent, respectively, which compares with an average of 93.9 per cent (± 8.1; n = 363) (Wolfe & Sharp, 1993) . Of the 363 proteins only 15 (4 per cent) had a lower percentage identity than that for PLI and 23 (6.3 per cent) had a lower identity than PLII. In sum, it is reasonable to suppose that maternal/foetal interactions could be responsible for rapid sequence evolution of foetal growth factors, of which Sry may be one example.
